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1. Introduction

Recently, there are many discussions on integration of an antenna on a 60 GHz silicon
CMOS chip. When the antenna is integrated on the same layer of a RF circuit, the radiation efficiency
is quite low due to the small height (typically 10 um) of the RF circuit layer. When the antenna is
integrated separately from the chip, the connecting loss is quite large (typically 2 dB). We proposed
the configuration where an antenna is integrated on a thick resin layer on the opposite side of
a RF circuit layer by feeding through a hole as shown in Fig.1 [1]. The thick resin layer can make
the radiation efficiency larger and the connection loss can be small. We designed a dipole antenna
on a 200 um -thick resin layer on the back side of a 5 mm square silicon chip at 60 GHz. The hole size
was 2.0 mm by 1.0 mm, which was large in comparison with the size of the silicon chip. This paper
proposes the size reduction of the feed circuit by decreasing the post diameter as well as the hole in the

silicon chip.
2. Antenna Structure

Figure 1 shows the antenna structure. The size of the silicon chip is 5 mm square.

The antenna layer is placed on the opposite side of the layer for a RF circuit on a silicon chip.



The resin layer for the antenna takes a large height of 200 um to increase the radiation efficiency.
The dielectric constant of the resin is 2.846 and the loss tangent is 0.0151 at 50 GHz by measurements.
Copper is plated between the resin and the silicon to prevent from loss of the silicon. Two metal posts
are placed in the hole for differential operation of the RF circuit. A dipole is used as a balanced
antenna suitable for the differential operation. The posts had a tapered side wall with different
diameter for the top side (D) and for the bottom side (d) to spread copper easily on the side wall.
However the side wall in the previous fabrication became rough by making by a laser. The fabrication
is improved to coat copper on a straight side wall with the same diameter (D=d) for the top and bottom
sides in the post and to make the side wall smoother by milling as shown in Fig.3. Waveguide feed
from the bottom side is adopted to demonstrate feasibility of the dipole antenna on the thick resin layer
as shown in Fig. 2. An H-shaped aperture is opened in the bottom. The silicon chip is placed on
a fixture with a diameter of about 20 mm equal to a circular flange of a hollow waveguide for
measurement. The analysis includes the shape of the fixture. The hole size is a by b, which is
determined so that the distance should be 0.1 mm between the side walls of the silicon hole and

the posts. The antenna length q is adjusted to maximize the bandwidth for the reflection below -10 dB.

3. Simulated Results

Table 1 summarizes the antenna parameters for various values of D. The conductivity in the
simulation is 14.5x10° (S/m). Figure 4 shows the simulated reflection. The dotted line shows
the previous model for (D,d)=(0.6,0.3) (in mm). The bandwidth was 7.1 %. The bandwidth for
D=0.20 mm by the solid line, D=0.15 mm by the dashed line and D=0.10 mm by the dash-dotted line
are 4.0 %, 7.7 %, 5.3 %, respectively. The double resonance is observed for D=0.20 mm and
0.15 mm, so that the bandwidth can increase. Figure 5 and 6 shows the directivity and the gain in
simulation. The directivity for (D,d)=(0.6,0.3) (in mm) is 5.2 dBi at 60 GHz. Those for D=0.20 mm,
D=0.15 mm and D=0.10 mm are 5.0 dBi, 6.7 dBi, 6.6 dBi, respectively. The directivity becomes
larger for a thinner post because the antenna length becomes longer. The gain is 5.4 dBi for (D,d)=(0.6,
0.3) (in mm). Those for D=0.20 mm, D=0.15 mm and D=0.10 mm is 4.8 dB, 6.3 dB, 6.2 dB,

respectively. The loss due to material could be 0.2—0.4 dB.

4. Conclusion

We have proposed the size reduction of the waveguide feed circuit for a dipole antenna on
a silicon chip with 5 mm square at 60 GHz. The hole size has reduced from 2.0 x 1.0 mm for the post

diameter D=0.6 mm and ¢=0.3 mm to 0.9 x 0.6 mm for D=d=0.2 mm, where the bandwidth is 4 % and



the gain is 4.8 dBi. We are trying to fabricate the antenna to show the measured result in the

presentation.
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Figure 2 Waveguide feed structure
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Figure 3 Pictures for posts (D=0.2 mm)

Table 1 Antenna parameters

D [mm] a [mm] b [mm] g [mm]
0.20 0.90 0.60 1.10
0.15 0.80 0.55 1.25
0.10 0.70 0.55 1.28

=)
i)
= .
2 :
k3] k)
[} [
= ]
[5) 1
& !
o
—30p P70 ray
D=0.15mrm ¥ (D.d)=(0.6mm,0.3mm)
_3 PR YR NV TSN R ST U NS N N ]
%5 56 57 58 59 60 61 62 63 64 65
Frequency [GHz]
Figure 4 Reflection
1O'I'I'I'I'I'|'|'|'|' 1C'llllll LI
) D=0.10mm p=
S, b 0'12 3l D=0.10mm
= \ ’}l. ) . D=0.15mm
i 2 = 2
t- £ 6F TN . ThEsee—emiTAe-m
<
O
4+ - A
(D,d)=(0.6mm,0.3mm) "0 20mm (D,d)=(0.6mm,0.3mm)
[ ’ 1 [ D=0.20mm

Frequency [GHz]

Figure 5 Directivity
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Figure 6 Gain



